Continuous measurement of the hematocrit level in blood can potentially be performed using optical bre sensors. The FabryPerot interferometric sensors are a promising candidate in this application. The most important step in the design of the sensor is design of the sensing interferometer. Adequate cavity length and high interference contrast are two most important requirements in this application. The design method of the sensing interferometer presented in this paper uses a Gaussian beam approximation. In order to verify the design, an optical bre Fabry Perot interferometer with adjustable cavity length was built. Its performance was tested, conrming validity of the design approach.
Introduction
The hematocrit (HCT) level in human blood provides important information about the patient's health. Continuous monitoring of this parameter is desirable in several cases of medical therapy and diagnosis. Currently, however, it is dicult to conduct, as the standard procedure require blood to be sampled and processed in laboratory. Optical bre sensors are potentially capable of continuous monitoring of the HCT level. Until now most of research in this area have been focused on spectral measurement techniques [1] . However, optical-ber Fabry Perot interferometric sensors oer potentially more robust solution, as the information about measurand is encoded in full spectrum, rather than in few wavelengths.
One of the most important steps of the design process of such a sensor is design of the sensing FabryPerot interferometer. Therefore, the objective of this paper is to present the requirements and method employed in the design of a FabryPerot interferometer for an optical ber sensor of the HCT level. Section 2 gives an outline of theory describing the operation of such interferometer and presents the proposed design method. Experimental verication of the is described in Sect. 3. Finally, conclusions are formulated in Sect. 4.
Optical-ber FabryPerot interferometer
A FabryPerot interferometer built from bulk optical components is shown in Fig. 1a ([2] , p. 329). It consists of two at transparent plates P 1 and P 2 , parallel to Light exiting the bre can be described using Gaussian beam formalism [5] . The waist of the beam is located on the end surface of the bre, i.e. in reective layer L 1 .
The diameter 2W 0 of the beam in the waist is equal to the mode-eld diameter (MFD) of the bre.
Coupling loss coecient α(x, n) can be dened as:
where A I amplitude of the beam incident on the inter-
ferometer, A R amplitude of the beam coupled back to the ber, n refractive index of the medium lling the interferometer cavity, x distance propagated by the beam in the interferometer. It can be assumed that the coupling loss coecient α decreases with x at the same rate as the amplitude of the Gaussian beam propagating in the interferometer, i.e.
As a result of multiple reections in the cavity, a series of beams are coupled back to the ber. Their amplitudes can be expressed as
where A I the amplitude of the incident beam; A i the amplitude of i-th reected beam, r 1 , r 2 reection coecients of L 1 and L 2 , respectively, α coupling loss coecient, n refractive index of the medium in the cavity, x FP length of the FabryPerot cavity. Phase dierence δ between i-th and i + 1-th beam is δ = 4π nx FP λ . (4) n refractive index of the medium in the cavity, x FP length of the cavity, λ wavelength. The complex amplitude A R of the sum of reected beams is given by
where: δ phase dierence given by (4) Design of the interferometer required calculating optimum values of the cavity length x FP and reection coecients r 1 and r 2 . To simplify the design, only two reected beams A 1 and A 2 were considered. Neglecting the remaining beams reduces V , but the reduction was expected to be acceptably low.
The highest interference contrast, V = 1, is attained only when A 1 = A 2 . Using (2) this condition can be expressed as
where r 1 , r 2 reection coecients, α coupling loss coecient, n refractive index of the medium in the cavity, x FP length of the FabryPerot cavity. Equation (6) can be written in the form better suited for the design process, i.e. as
From Eq. (2) follows that increasing the length of the FabryPerot cavity x FP corresponds to decreasing α. Accomplishing this without reducing V requires, as it can be seen from (7), increasing r 2 and decreasing r 1 . While r 2 can be increased close to 1.0, the lower limit on r 1 is set by minimum required reectivity R MIN : R MIN = 4r 
Experimental
The measurement system employing the designed FabryPerot interferometer is shown in Fig. 2 . It consists of a superluminescent diode (Superlum Broadlighter S1300-G-I-20, Gaussian spectral density, λ MAX = 1290 nm, ∆λ FWHM = 50 nm) acting as a light source, connected to the FabryPerot interferometer by a single--mode SMF-28 ber, and an Ando AQ6319 optical spectrum analyzer with resolution bandwidth set to 1 nm working as the detection setup [6] . Acquired spectra are processed by a computer connected to the spectrum analyzer. Following, visibility was calculated for each measured spectrum and is shown in Fig. 4 , along with visibility predicted using the theory from the previous section. Fig. 4 . Visibility as a function of the cavity length xFP.
Comparing the two sets of data, one can note that the experimental and theoretical data agree reasonably well when the cavity length x FP is greater than 225 µm.
When the cavity is shorter, visibility drops rapidly. This can be caused either by (a) more than two beams eectively interfering in the cavity or by (b) behaviour of the coupling loss coecient α dierent from that assumed in the previous section. In order to identify the source of the discrepancy, experimental data from [7] was used.
The interferometer studied in [7] was also illuminated with a single-mode ber and had two reective surfaces using glassair boundary. By assuming that only two beams eectively interfered in its cavity, the measured visibility given in Fig. 5 of [7] was recalculated for the interferometer designed in the previous section and it is shown in Fig. 4 as the comparison data. This data shows good agreement with the theoretical data. The agreement could be even better if some adjustments of theoretical model parameters were made within the tolerances for SMF-28 ber parameters. Therefore, if only two beams interfere in the cavity, the result of that interference follows our theoretical prediction. This means that the behaviour of the coupling loss coecient α is consistent with that assumed in the previous section, and the reduction in the visibility observed in our experimental data is caused by more than two beams eectively interfering in the cavity.
Conclusions
A design method for a low-nesse FabryPerot sensing interferometer illuminated by a single-mode bre is described. A FabryPerot interferometer was designed using this method and its performance was evaluated.
Obtained measurement data dier markedly from the results of design calculations. This dierence is attributed to the fact that the designed interferometer cannot be accurately described using two-beam model. However, presented design method provides good agreement with experimental data when the cavity length x FP is greater than 225 µm. Designed interferometer will be subsequently employed in an optical bre sensor for assessment of hematocrit level in blood.
